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　　　　　　　　　　　　　　　Introduction
　　Experimental　studies　on　liver　function　in
Japan　hitherto　apPear　to　have　been　perfor皿ed
oエ1rabbits　with　but　a　few　exceptions　in　which
dogs　have　been　utilized　only　when　complicated
surgical　operations　were　required．　As　a　result
few　bibliographical　literatures　can　be　quoted
for　control　study，　i・e．　the　liver　function　of
normal　dogs・　On　the　other　hand，　in　other
countries　especially　in　U．S．A．　，　more　studies　have
been　performed　on　dogs，　the　formerly　quoted
Drill’s　report　being　among　them．　’　The　main
cause　of　disadvantage　for　utilizing　dogs　as
laboratory　animals　is　that　inbred　dogs　are　hard
to　be　obtained，　not　to　mention　the　dithculties
accompanying　the　keeping　of　the　dogs，　etc・
However，　the　functional　state　of　the　liver　varies
respectively　with　the　modes　of　feeding　and　is
closer　to　that　of　the　hum．an　liver　as　compared
to　rabbit．　Moreover　in　regards　to　serum　cho－
linesterase，　it　may　be　sai’d　that　it　is　next　to
impossible　to　analogize・　the　nature　of　human
enzyme　from　the　results　of　experiments　using
rabbits　as　laboratory　animals，　owing　to　the
qualitative　and　quantitative　discrepancies　of　the
enzyme．　ln　this　series　of　experiments，　there－
fore，　I　chose　dogs　as　experimental　animals，　and
the　liver　function　of　normal　dogs　were　examined
as　described　hereafter．
Materials　and　Methods
Adult　dogs　over　10　kg　body　weights　were
used　in　this　study．　ln　addition，　dogs　were　fed
for　at　least　3　weeks　before　・use，　in　order　to
stabilize　 he　food　condition　as　much　as　possible．
Exp riments　were　made　after　starvation　for
twelve hours，　and　needles　were　inserted　Per
cutan　into　the　femoral　vein．for　injections　and
for　withdrawals　of　the　blood．　Methods　described
b low　wer employed　in　this　study　for　liver
function　tests．
　　　1）　BromsulPhalein　Test　（BSP）：’“Hepato－
sulphal ln”　of　domestic　product　was　employed，
and　the　dye　wqs　administered，　adherlng　to　the
procedure　forrnerly　reported　by　the　authori）　5
mg　per　kg　body weights　intravenously，　followed
by　the　withdrawal　of　the　blood　from　the　opposite
femoral　vein　after　30　minutes　elapsed．　The
serum　was　separated　and　BSP　retention　was
measured　by　means　of　photoelectric　colorimeter，
using　blank　serum　as　control．
　　2）　Serum　Cholinesterase　Activity　：　As　repor－
ted　heretofors’），　Hesterin－Miyaz，．aki’s3）　method
was　employed．
　　3）　Serum　Allealine　PhosPhatase：　According
to　Shinowara－Jones’4）　method，　the　enzymatic
activ ty was　d termined　by　photoelectric　colo－
rimeter．
　　’4）　Serum　Cobalt　Reaction：　As　described　in
he next　chapter，　the　original　procedure　of
Inoue5）　was．　rescrutinized　with　attention　focused
on　the　concentration　of　the　reagent．　And　after
redoubling　the　concentration　of　cobalt　reagent，
investigations　were　made　and　the　results　were
expressed　as　c‘Rtn”．
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　　Results　obtained　by　plasma　electrophoresis
（Tiselius），　polarographical　serum　protein　waves，
and　histological　findings　in　the　liver，　are　to　be
reported　elsewhere．
　　　　　　　　　　　　　　　　　Results
　　The　res111ts　obtained　by　BSP　test，　seru皿
cholinesterase　determination，　serum　alkaline　J
phosphatase　deterrnination，　and　by　serum　cobalt
reaction　in　22　normal　dogs　a　re　shown　in　Table　1．
Table　1　Results　ofLi／　er　．FTunction　Tests
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　2＞　Serum　Cobalt　Reaetion：　The　results　of
serum　cobalt　reaction　in　normal　dogs，　as　desig－
nat d　in　the　table，　are　as　follows・　Of　the　22
dogs，　10　were　R’5，　11　were　Rr6，　and　the　rerna－
injng　was　R’7．　These　results　lean　much　more
to　the　left　when　compared　to　R3　（R’8），　which
is　the　normal　result　wjth　normal　human　adults．
　 3）　Serum　Chol sterase　Activily：　A，s　desig－
nated　in　the　table，　serum　cholinesterase　ac－
tiv ties　in　normal　dogs，　determined　by　means
of　Hesterin－Miyazaki’s　method，　were　found　to
be　from　5．4’　to　24．or　（1　unit　represents　choli－
nesterase　activity　which　will　decompose　1　mg
of　acetylcholine　per　1　cc　of　serutn　within　the．
first　30　minutes　of　incubation　at　380C），　the　mean
value　being　at　IQ．70　The　distribution　of　f’re－
quency　is　illustrated　in　Figure　1　（A）．　The　stan－
dard　deviatiQn　here　is　4．01，　the　renunciation
limits　being　10，70±8．59　at　the　level　of　sig－
nifica’nce　of　O．5％．　These　indicate　that　normal
values　are　of　a　wide　range，　in　the　same　manner
as　with　nomal　human　sera　described　in　the
anthor’s　form，er　report．
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　　The　details　of　which　are　as　follows：
　　1）　BSP：　The　results　of　BSP　test　applied
to　normal　dogs　are　described　in　Table　1．　Of
22，　18　showed　O，　or　only　a　negligible　trace・of
the　dye　qfter　30　minutes・　2　showed　O．75％
retention　while　the　remaining　2　＄howed　1．0％
retention．　Retention　below　1％　of　BSP　after
30　minutes　may　be　regarded　as　normal．
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　　4）　Serum　Alhaline　PhosPhatase　Activity：
Serum　alkaljne　phosphatase　activities　of　normal
dogs，　determined　by　the　use　of
cerophosphate　as　substrate，　are
in　Table　1　and　also　in　Figure
from　1．2　to　5．6．　with　the　mean
　　　　　　　　　　　　　　’
One　unit　in　the　present　procedure　is　defi
the　amount　of　enzyme　in　100　cc　of　serum　wh
will　liberate　1　mg　of　phosphorus　（i．e．　phosphate
ion）　during　the　first　hour　of　incubation　under
standardized　conditions．　ln　other　words，　the
results　may　be　regarded　as　practically　the　same
as　obtained　by　the　Bodansky　technic　with　re－
gards　to　the　main　points・
　　5）　Correlation　Between　Serum　Cholin－
esterase　and　Alkaline　PhosPhatase：　Of　the　liver
function　tests　with　normal　dogs，　the　correlation
between　the　serum　levels　of　the　two　enzymes，
cholinesterase　and　alkaline　phosphatase，　is　seen
in　Fi．gure　2．
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　　The　correlation　coe伍cient　of　the　two　isα41，
hence　it　may　be　assumed　that　a　correlation
exsists　to　a　certain　extent．
　　6）　Correlation　Between　the　Results　of　Seram
Cobalt　Reaction，　and　the　LevelsげCholineste7ase
and　Alkalin’　e　PhosPhatase　：　ACs　shown　in　Figure
2，　hardly　any　correlation　can　be　recognized
betw en　the　results　of　serum　cobalt　reaction　and
serun］　alkaline　phosphatase　activities．　Though
correlation，　to　a　certain　degree，　may　exsist
between　the　results　of　cobalt　reaction　and　serum
holinesterase　activities，　this　correlation　can
hardly be　recognized　as　significant，　since　the
coethcient　of　correlation　is　on］y　at　O．17．　ln
other　words，　serum　cobalt　reaction　may　be
regarded　to　have　no　connection　with　the　two
serous　enzym　es，　cholinesterase　and　alkaline
phosphatase．
　　Serurn　cobalt　reaction　was　also　observed　to
have　’獅潤@special　connection　with　the　sex　of　the
animals　examined．　（Table’　2）
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Correlations　Between　Eaeh
Partial　Functions．
　　Summarizing　the　above－mentioned　’results
of　liver　function　tests　with　normal　dogs，　the
author　intends　to　make　a　brief　discussion　on
these　findipgs．
　　The　results　of　our　BSP　tests　coincide　almost
exactly　with　those　obtained　in　the．　case　of
human　subjects．　Retention　within　1％　at　30
minutes　after　injection　of　5　mg　per　kg　body
weight，　may　be　regarded　as　norrnal．　The
authori）　formerly　investigated　the　afore　said
method　in　human　subjects　with　or　without　liver
damages，　and　it　was　confirmed　that　retentions
below　5％　after　30　minutes，　and　a　trace　after
45　minutes，　might　be　regarde’d　as　normal，　when
BSP　dye　was　administered　at　a　rate　of　5　mg
per　kg　body　weight・　Present　resuls　with　normal
dogs　almost　coincide　with　this　finding，　and　also
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　　agrees　with　the　opinion　of　Dri116）　and　others．
　　Obrinsky　et　al・’）　noted　that　in　the　case　of
　　determination　with　photoelectric　colorimeter，
　　less　than　O．4％　retention　at　30　minutes　after
　　asmg　per　kg　injection，　and　O．O－o　or　only　a
　　trace　after　60　miriutes，　should　be　regarded　as
　　nor皿al．
　　　　In　accordance　with　the　above　results　he
　　offered　a　simplified　method　of　reading．　The
　　said　reading　is　to　be　made　60　minutes　after
　　infusion　of　the　dye　；　only　one　reading　is　required．
　　In　the　present　study，　photoelectric　colorimeter
　　was　employed　likewise．　The　excretion　rate
　　of　BSP　in　normal　dogs　may　be　regarded　a＄
　　the　equivalent，　or　of　a　higher　rapidity　than
．　in　human　adults．
　　　　Determinatlon　of　the　results　as　“positive”　or
　　“negative”　was　not　employed　in　the　present
　　series　of　experiments，　and　the　results　were
　　expressed　directly　in　serous　values　of　the　re－
　　tained　dye，　in　an　attempt　to　determine　the
　　degree　of　hepatic　damage　as　distinctly　as
　　possible．
，　Normal　value　of　serum　cobalt　reaction　with
　　canine　serum，　when　treated　in　the　same　way
　　using　human　sera，　is　Ro，　or　appears　shifted
　　further　to　the　left　（R－1　to　R－3），　and　the　density
　　of　fiocculations　by　which　the　reactions　are
　　judged　were　much　less　evident　as　compared
　　with　those　by　human　sera．　The　concentration
　　of　CoC12　reagent　was　then　redoubled，　and　the
　　results　obtained　were　expressed　as　“Rin”．
　　Normal　values　in　canine　sera　in　these　circum－
　　stances’　were　found　to　be　from　Rts　to　R’7．
　　The　densisty　of　reaction，　however，　is　somewhat
　　less　distinct　as　cQmpared　with　the　original
Table　3CompaTison　bettveen　OTigin’　al　and　Modi：fied
Methods　of　Serzem　Cobalt　Reaet’ion
original　R
procedure　applied　to　human　subjects．
　　The　original　concentration　of’　the　reagent　and
its　modification　are　compared　in　Table　3．
　　Ino 65　，，　introducing　this　reaction，　el皿phasized
the　fact　that　this　method　might　render　the
colloid l　reaction　with　animal　sera　possible，
which　hitherto　had　been　regarded　as　impossible
in　other　met ods　such　as　the　Takata　reactiQn．
There　are　other　serum　colloidal　reactions，　but
each　has　its　defects，　especially　when　used　on
experimental　animals，　According　to　Dri116），
cephalin－choles ol　flocculation　test　is　said　to
show　“positive”　results　in．　normal　dogs．　He
also　 eported　that　thymol　turbidity　test　was
valueless in　the　case　of　dogs　becaus　it　hardly
responded　even　in　severe　experimental　hepatic
insuficiency．　Takata　reaction　failed　to　indicate
a y　flocculation　in　the　ten　normal　dogs　used
in　our　experiments，　and　also　in　ten　other　dogs
with sever h patic　damages　induced　by　chloro－
form．　lnoue　noted　that　the　normal　value　of
cobal 　reaction　with　rabbit　serum　was　almost
R3　which　is　similar　to　hu皿an　serum，　and　that
it　slowly　traveled　to　the　right　following　the
formation　of　experimental　dirrhosis　of　the　liver
due　to　successive　subcutaneous　injections　of
minute　doses　of　carbon　tetrachloride．　However，
this　reaction can　onl　y　be　applied　to　canine　sera
af er　a　modification　such　as　described　above．
Although　much　is　yet　to　be　known　about　the
essential　factor　itself　which　exerts　an　influence
upon this　reaction，　Sasai　et　al．8）　has　emphasized
that　in addition　to　the　correlation　between　AIG
ra io　and　cobalt　reaction，　the　importance’of
the role　played　by　serum　mucoprotein　which
acts　a＄　“Schittzkolloid”．　This，　however，　has
　　　　　　　　　not　been　confirmed　and　we　cannot
　　　　　　　　　accept　the　opinion　which　explains
　　　　　　　　　that　the　shift　to　the　left　in　canine
modified　R’
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sera　is　caused　by　these　two　factors
alone．
　　In　the　fifth　issue　of　this　series，　we
intend　tQ　report　the　results　of　elec－
trophoretical　investigations　of　the
protein　components　of　canine　sera，
and　their　polarographical　analysis，　as
well　as　their　alterations　in　the　case
6）　Dri］1，　V．　A．：　Pharmaeol．　Rev．　4，　1　｛t952）．
7）　Obrinsky，　W．　et　al．：　Pediatrics・　9，　421　（1952）・
S）　Sasai，　T．　et　al．：
　（1953 ．
Kagakukenkyusho　Hokoku　31，　1
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of　experimentally－induced　hepatic　injury　and
especially　the　r61e　played　by　these　factors　in
dec；iding　the　results　of　cobalt　reaction　will　be
discussed　in　that　issue．
　　The　mean　value　of　serum　cholinesterase
activity，　determined　by　means　of　Hesterin－
Miyazaki’s　method　were　revealed　to　be　10．70±
4．01．　This　indicates，　together　with　the　reports
of　many　other　investigators．，　that　the　range
of　individual　variations　is　respectively　wide．
According　to　the　studies　made　by・　Tamai，9）
Konno，iO）　Levine　and　Suran，ii）　and　others，　canine
serum　cholinesterase　i，　s　regarded　as　somewhat
akin　to　human　enzyrpe，　and　its　physiological　r61e
may　be　regarded　as　almost　the　same　as　human
cholinesterase・　Brauer　and　Rooti2）　and　other
investigators　claim　that　serum　cholinesterase
is　synthesized　in　the　liver，　and　that　its　quantity
therefore　represents　the　degree　of　other　plasma
protein　syntheses　carried　out　1’n　the　liver．
Accordingly，　the　author　is　of　the　opinion　that，
this　m，ethod　has　an　extremelY　significant　im－
portance　as　an　indicator　of　the　alterations　in
the　various　phases　of　protein　metabolism　in
dogs　with　experimental　hepatic　injury　on　which
the　author　is　working　on　at　present・　Even
though　the　indiv“idual　variations　are　compara－
tively　wide　if　the　said　experiments　are　．continued
using　the　same　subjects，　the　results　are　of　a
great　value　patho－physiologically　and　from　a
clinical　diagnostic　point　of　view．
　　The　author　wishes　to　add　that　the　results
obtained　by　the　use　of　Hesterin－Miyazaki’s
method，　roughly　coincides　with　Wakabayashi．’si3）
data　obtained　with　dogs　applying　Arnmon－
Nachmansohn’s　Warburg　technic，　the　mean
value　theoreticall　y　corresponds　with　13一）2．lcc
Cog．
　　With　human　sera，　Bodanskyi‘）　noted　that
normal　values　of　’唐?ｒｕｍ　alkaline　phosphatase
were　from　1．5　to　s　units．　The　author　has
observed　that　the　aforesaid　values　in　normal
dogs　are　almost　the　same．　Generally，　the，re　are
different　concepts　concerning　the　origln　of　serum
alkaline　phosphatase　itself；　some　imply　that
r are　two　different　alkaline　phosphatase，　of
osseous　and　hepatic　origin，i5）　and　others　report
that　the　two　types　are　of　identical　chemical
nat叫e・16）It　se ms　that　no　decisive　conclusion
has　been　drawn　yet，　but　in　any　event　as　a
result　of　our　present　control　studies，　it　is
evident　that　a　greater　part　of　canine　serum
alk line　phoshphatase　is　evenly　exareted　into
the　bile，　and　therefore　the　blood　level　is　held
in　almost　constant　value　under　normal　condi－
tions．
　　The　question　in　regards　to　whether　there
exists　any correlation　among　the　results　of
these　reactions　was　examined　next．
　　First　a　c rrelation　to　a　certain　degree　between
serun）　cholinesterase　activity　and　serum　alka－
line　phospha ase　activity　js　recognized．　ln
other　words　it　may　be　considered，　generally
speaking，　that　when　the　serum　cholinesterase
level　is　relatively．　high，　the　serum　alkaline
phosphatase　level　may　be　relatively　low．
Though　ISttle　data　can　be　found　in　1iterature
to　be　used　as　examples　of　the　correlation
between these　two　enzymes，　as　far　as　the
author　can　se ，　the　above　mentioned　correlation
seems　to　be　natural　when　the　fact　i’s　taken
into　considerations　that　in　hepatic　impairment，
serum cholinesterase　diminishes　and　serum
alkaline　phosph tase　increases　revetsely，　even
if　the　re　still　may　be　a　few　exceptional　cases・
　　Secondly，　hardly　any　correlati．on　between
serum　cobalt　reaction　and　the　serous　activit．y
of　cholinesterase　or　alkaline　phosphatase　could
be　recognized．　However，　as　various　liver　fun－
ction　te＄ts are　based　on　different　standpoints，
and’alSo　as　it　is　observed　that　every　partial　liver
function　behaves　independently　to　a　certain
degree，i7），iS）　data　in　a　respectively　spacious
scale　must　be　gathered　and　meticulous　care
must　be　excersised　i　n　judgement　of　the　corre－
l tions　between　various　procedures．　Moreover，
it　is　alrnost　impossible　to　discuss　these　cQrre－
lations　without　considering　the　alterations　of
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each　functions　under　pathological　conditions．
This，　therefore，　may　again　be　discussed　in　the
chapters　concerning　their　alterations　under
pathQlogical　conditions，　which　are　to　be　reported
later．
Summary　and　Conclusions
　　　　The　following　are　the　results　of　liver　function　tests　in　normal　dogs．
　　　　1）　The　results　of　BSP　test　’in　normal　dogs　were　below　1％，　the　mean　value　was
O．16％　when　the　dye　was　adrninistered　at　a　rate　of　5　mg　per　kg　body　weight，　and　blood
was　drawn　30　rni皿tes　after　the　injection．
　　　　2）　The　results　of　serum　cobalt　reaction　shifted　further　to　the　left，　as　compared　with
results　with　human　sera．　Irl　the　authoガs　modification，　norma．l　values　were　R／5　to　R！7．
　　　　3）　Serum　cholinesterase　activities　of　normal，　dogs，　determined　by　the　use　of　Hesterin－
Miyazaki’s　method，　were　from　5．4　to　24．4　with　the　mean　value　at　10．70．　Th；，s　almost
coincides　with　the　data　obtained　by　the　application　of　Ammon－Nachmansohn’s　Warburg
　　　　4）　Serum　alkaline　phosphatase　activities　of　normal　dogs，　determined　by　the　use　of
Shinowara－Jones’　method，　were　from　1．2　to　5．6，　the　mean　being　2．33　units．
　　　　5）　Correlation　to　a　certain　degree　can　be　noted　between　serum　cholinesterase　activitY
and　serum　alkaline　’・phoSphatase　activity・　The　higher　the　forrner　the　lower　the　latter．
　　　　6）　No　special　correlation　can　be　noted　between　serum　cobalt　reaction　and　these
enzymatic　activities．　Likewise　no　correlation　can　be　observed　between　seru皿cobalt
reaction　and　the　sex　of　the　animals・
　　　　7，）　These　correlations　between　each　liver　function　test　are　to　be　discussed　again　in
chapters　which　will　include　the・　alterations　of　the　results　under　pathological，condMons．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（Received　Nov，　24，　1953）
辱
